tients with the p.R110X mutation, as was described recently (13 ). Although p.R110X is one of the few recurrent mutations of this gene, we were unable to find other clinical descriptions of female patients carrying this mutation, and the movement disorder in CLS, although common, is not well studied.
in the online Data Supplement), and 0.1 U of HotStar Taq Polymerase (Qiagen). The PCR reaction was initiated at 95°C for 15 min, followed by 94°C for 20 s, 56°C for 30 s, and 72°C for 1 min for 45 cycles, and a final incubation at 72°C for 3 min. PCR products were subjected to shrimp alkaline phosphatase treatment with 0.6 L of shrimp alkaline phosphatase (Sequenom), 0.34 L of MassARRAY TM Homogenous MassEXTEND TM (hME) buffer (Sequenom), and 3.06 L of water. The mixture was incubated at 37°C for 40 min followed by 85°C for 5 min. SNP genotyping and allelic ratio determination were performed with hME assays (Sequenom). Briefly, 4 L of base extension reaction cocktail containing 771 nM extension primer (Integrated DNA Technologies; see Table 1 in the online Data Supplement), 1.15 U of Thermosequenase (Sequenom), and 64 M each of ddATP, ddCTP, ddTTP, and dGTP (Sequenom) were added to 10 L of the PCR products. The reaction conditions were 94°C for 2 min, followed by 94°C for 5 s, 52°C for 5 s, and 72°C for 5 s for 75 cycles. The primer extension assays were designed such that the allele-specific extension products for each SNP demonstrated distinct masses that were readily resolvable by MALDI-TOF MS analysis (see Table 2 in the online Data Supplement). The final base extension product was cleaned up by addition of 12 mg of the Clean Resin (Sequenom) and 24 L of water. The mixtures were mixed in a rotator for 20 min. After centrifugation at 361g for 5 min, ϳ10 nL of reaction solution was dispensed onto a SpectroCHIP (Sequenom) by a MassARRAY Nanodispenser S (Sequenom). A MassARRAY Analyzer Compact Mass Spectrometer (Bruker) was used for data acquisition from the SpectroCHIP. Mass spectrometric data were automatically imported into a MassARRAY Typer (Sequenom) database for analysis.
For each heterozygous SNP, the frequency of each allele was calculated. The allele frequencies represented the relative copy number of the 2 alleles. To account for any experimental biases between the 2 alleles, skew corrections were applied. For each SNP assay, the skew correction factors were determined by their allele frequencies from 10 euploid placental DNA samples (see Table 3 in the online Data Supplement). The skew correction factors were calculated by the "Genotype Area report" program of the MassARRAY Typer software. They were calculated such that a frequency ratio of 0.5:0.5 was obtained for the 2 alleles in these normal control samples (10 ). These correction factors were then used to adjust the allele frequencies in the subsequent experiments by the "Allelotype Correction report" program of the MassARRAY Typer software. The corrected frequencies would more truly reflect the relative allele copy number of the SNP. The allelic ratio was finally calculated by dividing the corrected frequency of the higher-mass allele by the corrected frequency of the lower-mass allele.
This study comprised three parts. In the first part, we tested our strategy by measuring the allelic ratios of the 5 SNPs in the placentas. The placental samples were collected in Hong Kong from 13 women known to be carrying trisomy 21 fetuses after termination of pregnancy (14 -23 weeks) and 10 women carrying euploid fetuses after elective cesarean delivery (38 -41 weeks). Examples of the mass spectra are shown in Fig. 1 in the online Data Supplement. Systematic allelic biases were observed for all of the SNP assays, as shown by the differences in frequencies between the 2 alleles in the DNA samples from the euploid fetuses, which possessed equal copy numbers for the 2 alleles. The differences in allele frequencies were attributable to allele-specific differences in the PCR, primer extension, and MALDI-TOF MS steps. The steps for correcting these differences are detailed above. The allelic ratios of the trisomic and nontrisomic placental DNA samples are shown in Fig. 1 . For each SNP, the samples could be categorized into 3 nonoverlapping groups: the allelic ratios of the normal samples were close to 1 (ranging from a median of 0.860 for PRDM15 to a median of 1.152 for COL6A2). The trisomic placental samples were segregated into 2 groups. For the heterozygous samples with the higher-mass alleles overrepresented, the median allelic ratios ranged from 1.438 for PRDM15 to 2.016 for DSCR2, whereas for the samples overrepresented with the lower-mass alleles, the median allelic ratios ranged from 0.437 for DSCR2 to 0.545 for HS21C101. These data demonstrate that measurement of Clinical Chemistry 51, No. 12, 2005 the SNP allelic ratios by MS could differentiate the trisomic placental samples from the normal samples with 100% discrimination.
We next investigated whether the MS-based strategy could be applied to amniotic fluid specimens. The amniotic fluid samples were collected in Hong Kong from 5 women known to be carrying trisomy 21 fetuses (16 -19 weeks) and 23 women carrying euploid fetuses (12-20 weeks). The median ratios of the normal amniotic fluid samples ranged from 0.896 for HS21C101 to 1.071 for UBE2G2, which were consistent with the data obtained from the placental tissue samples. For the trisomy 21 amniotic fluid samples, their allelic ratios clearly deviated from that of the normal samples (see Fig. 2 in the online Data Supplement). All trisomy 21 samples could thus be distinguished from the normal samples by comparing the SNP allelic ratios. Similar to other allelic ratio-based detection methods, maternal cells contamination of the amniotic fluid samples remains a potential problem for interfering with the diagnosis.
We conducted a blinded study on CVS samples from 57 pregnant women (11-13 weeks of gestation), recruited in the United Kingdom, who carried either a trisomy 21 or a euploid fetus. In this experiment, the person performing the MS analysis was blinded with regard to the aneuploidy status of the specimens. To establish a reference interval for the allelic ratios of normal pregnancies, we determined the allelic ratios of 10 additional control CVS samples collected in Hong Kong from women with confirmed euploid pregnancies. The reference interval for The allelic ratios as determined by the MS are shown on the y axis. Theoretically, an allelic ratio of 1 is expected for the normal samples, whereas ratios of 0.5 or 2.0 are expected for the trisomy 21 (T21) samples. E, heterozygous sample.
each SNP was calculated as the mean Ϯ 2 SD of the control CVS samples (Table 1) . For the 57 blinded CVS samples, 53 (93%) were heterozygous for at least 1 SNP. The allelic ratios of the 53 informative samples were separated into the trisomic and the normal groups. A total of 44 cases were assigned to the normal group because they showed allelic ratios within the reference interval for at least 1 SNP. This sample group was subsequently confirmed to be from normal pregnancies. On the other hand, the allelic ratios of 9 cases fell outside the reference intervals (Table 1 ). These 9 cases were subsequently confirmed to be trisomy 21 samples. Thus, these results demonstrated that our present approach of allelic ratio measurement accurately identified trisomy 21 cases, with no false-positive or -negative results, in this cohort. In a clinical laboratory setting, at least 2 informative markers with consistent trisomic results are required to classify a sample as abnormal. With such a requirement, 8 of the 9 trisomic CVS samples were heterozygous for at least 2 SNPs, and such confirmation was therefore possible.
Regarding interassay variation, for each SNP assay, the allelic ratios for all control and blinded CVS samples were determined in 2 independent experiments, starting from the PCR step. Consistent allelic ratios were detected between the duplicate sets of data (Table 1) . We further randomly selected 4 -5 normal samples and 1-2 trisomic samples for each assay and performed a third independent experiment. The CVs of the triplicate experiments for each sample were 0.7% to 22.3% (see Table 4 in the online Data Supplement). All of the selected cases could be assigned correctly as either normal or trisomy according to any one of the triplicate data sets.
In this study, we have shown that MS is a simple and reproducible approach to measure the allelic ratio of a SNP in clinical samples such as placenta, amniotic fluid, and CVS. By comparing the allelic ratios of the heterozygous SNPs, we were able to clearly differentiate between the trisomy 21 and karyotypically normal samples. The allelic ratio detection procedure, including the PCR, hME, and MALDI-TOF steps, is highly automatable and suit- able for multiplexing up to 12-plex (11 ) . These features would allow simple, fast, and high-throughput screening procedures. In the future, it would be valuable to perform larger-scale studies to confirm our preliminary data and to further resolve the analytical issues such as reference intervals, assay specificity and sensitivity, and experimental and biological variations.
